Abstract Surgery is well-established option for the treatment of Crohn's disease that is refractory to medical therapy and for complications of the disease, including strictures, fistulas, abscesses, bleeding that cannot be controlled endoscopically, and neoplastic degeneration. For a condition like Crohn's disease, where medical management is the rule, other indications for surgery are considered controversial, because the therapeutic effects of surgery are limited to the resolution of complications and the rate of recurrence is high, especially at sites of the surgical anastomosis. In the authors' opinion, however, surgery should not be considered a last-resort treatment: in a variety of situations, it should be regarded as an appropriate solution for managing this disease. Based on a review of the literature and their own experience, the authors examine some of the possibilities for surgical interventions in Crohn's disease and the roles played in these cases by diagnostic imaging modalities.
Introduction
The clinical history of Crohn's disease involving the gastrointestinal tract is characterized by alternating periods of subjective well-being and symptom exacerbation. The active phases of the disease are associated with clinical symptoms and histological, biological, and endoscopic evidence of inflammation. During remissions, however, the intestine is by no means lesion-free: the course of the disease is characterized by persistent subclinical inflammation, which can give rise to fibrostenotic or penetrating (fistulas, abscesses) intestinal lesions that may require surgical intervention. Aside from the management of neoplastic complications, surgery is often used to treat Crohn's disease that is refractory to drug therapy or its complications, such as strictures, fistulas, abscesses, or bleeding that cannot be managed endoscopically. The therapeutic effects of surgery are limited exclusively to the resolution of complications because surgery is frequently followed by disease recurrence, particularly at the level of surgical anastomoses. For a disease like Crohn's, where medical management is the rule, recourse to surgery is almost always a subject of debate. Concern that ''excessive surgery'' (in terms of the number of interventions as well as the amount of tissue resected) will provoke a short-bowel syndrome often leads physicians to consider surgery a last resort, and this negative perception is often transmitted to the patient. Nonetheless, the introduction in recent years of immunosuppressive and biological (anti-TNF-alpha antibodies) drugs for the treatment of Crohn's disease has not substantially changed the incidence of surgical interventions (overall or relative to the pattern of expression at the time of surgery). The conditions that constitute indications for surgery vary widely in terms of the type of presentation (urgent or elective), the number and location of lesions within the gastrointestinal tract, and disease behavior patterns (inflammatory, stricturing, penetrating). As a result, the possible surgical solutions are equally variegated in terms of the approach (minimally invasive vs. traditional) and modality of treatment.
Accurate preoperative imaging studies capable of providing high-precision definition of the disease (lesion location, extension, presence of abscesses or fistulas) are known to play a fundamental role in surgical decisionmaking. The most promising role for these studies, however, is in decisions regarding the timing of surgery: identification of sclerocicatricial disease that is unresponsive to medical therapy before treatment failure is clinically evident often means that it can be managed with less complex forms of surgery.
Indications for surgery and imaging

Epidemiology
The Montreal Classification currently distinguishes several categories of Crohn's disease based on age at onset, site of involvement, and predominant disease behavior (inflammatory, B1; stricturing, B2; and penetrating, B3) [1] .
The probability of surgery in patients with Crohn's disease and the factors correlated with it have been investigated in numerous population-based and cohort studies. A study conducted in Olmsted County, Minnesota, found that 41 % of patients whose Crohn's disease was diagnosed between 1935 and 1975 underwent diseaserelated abdominal surgery at least once during follow-up (median 8.5 years after diagnosis) [2] . A recently published update on this population showed that the cumulative risks of first intestinal resection were 24, 49, and 64 % 1, 10, and 30 years after diagnosis. Comparison of the findings of these two studies reveals that the likelihood of surgery has remained essentially stable over time and that roughly half of all patients will require resectional surgery within the first 10 years after diagnosis [3] . In other population-based studies, the cumulative risk of surgery 10 years after diagnosis ranged from approximately 40 to 55 % [4] [5] [6] . A report published in 2010 found that the probability of intestinal surgery in Welsh patients (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) during the first year after diagnosis was independently related to the site(s) of involvement, use of oral steroids within the first 3 months after diagnosis, and early use of thiopurines [7] .
One of the current controversies regarding the degree to which new forms of treatment (immunosuppression, antiTNFa antibodies), or their early use, has modified the natural history of the disease and the need for surgical interventions. Contrary to initial hypotheses, the introduction of thiopurine drugs has not reduced the likelihood of surgery [7, 8] . As for the biological agents, Peyrin-Biroulet et al. [9] analyzed follow-up data (median 56 months) for 296 patients with Crohn's disease diagnosed between 2000 and 2008 and found that early use of biological therapy decreased the risk of surgery significantly, whereas the reduction was much more limited with thiopurine therapy. Long-term population-based studies have shown that small intestinal resection rates have not in effect changed since the introduction of anti-TNF-alpha therapy, and in some smaller studies, rates have actually increased in patients with fistulating disease of the small intestine [10] [11] [12] . A study conducted recently in the Netherlands found an increased incidence of urgent surgery for free perforation among patients who had been treated with anti-TNF antibodies [13] . This finding appears to be supported by data from a study in Germany of 913 patients who underwent abdominal surgery for Crohn's over a 33-year interval (1970-2002) : the period following the introduction of biological drug therapy was characterized by a significant increase in surgical procedures for peritonitis [14] .
Bouguen and Peyrin-Biroulet [15] have suggested that the need for surgical intervention will decline in the future, owing not to the superior efficacy of biological therapy but to its earlier use, which can modify the natural history of the disease. The development of fibrosis (progression from B1 to B2 disease) is a biological process triggered by inflammation and possibly characterized by genetically determined increases in susceptibility [16, 17] . There is evidence to suggest, however, that this type of progression can also occur in the absence of inflammation, which means that strategies aimed at controlling inflammation might be ineffective for preventing aggravation of B2 disease or progression to more severe forms characterized by abscess and/or fistula formation (B3) [16, [18] [19] [20] [21] [22] . Earlier use of ''aggressive'' anti-inflammatory therapies, before fibrosis begins and strictures form, may promote mucosal healing, and this effect might be associated with lower rates of recurrence and, as a result, of surgical intervention [21] .
In the 2009 European Crohn's and Colitis Organization (ECCO) guidelines [23] , surgery is viewed as a treatment of last resort, mainly as a result of continuing progress in the field of anti-inflammatory therapies. The ECCO acknowledges, however, that with this approach, surgery is reserved for patients with advanced disease (B3), who are at high risk for septic complications. It is interesting to note that the same guidelines point out that the risk of shortbowel syndrome is more closely correlated with complications occurring with the first operation than with the number of uncomplicated operations performed. The truth is that the stability of surgical incidence rates after the introduction of biological drug therapies has led some authors to propose earlier recourse to these drugs and others to reassess the question of the optimal timing of surgery [18] .
In patients with stable short-segment involvement that is wholly or partially fibrotic component (Figs. 1, 2) , early resection can produce the same mucosal healing one expects to achieve with aggressive medical therapy. However, the recurrence-free interval is likely to be longer (as demonstrated by studies of patients who have undergone surgery relatively early for acute presentations or for early onset perforation) [24, 25] . Early surgical intervention in patients with B1 disease and short-segment lesions allows one to perform simple procedures, which can be carried out with minimally invasive techniques and without the increased risk of complications (postoperative infections in particular) associated with surgical treatment of more complex disease (B3) (Fig. 3) or disease that is being managed with steroids [23, 26] . Thiopurine therapy is not believed to increase the surgical risk [26] , but the risks posed by biological therapies are less well defined: there is evidence to suggest that if these drugs are not discontinued several weeks before surgery, they can negatively affect the outcome of the procedure [26] .
Clinical aspects
The classical indications for surgery are complications requiring urgent treatment (perforation, occlusion, hemorrhage), penetrating (B3) disease in which immunosuppressive or biological therapy cannot be started until abscesses or fistulas have been resolved surgically (in rare cases, with emergency surgery but more commonly urgent or even elective procedures), and cases that are or have become unresponsive to medical therapy.
Urgent presentations account for a non-negligible proportion of the indications for surgery. However, Crohn's disease-related intestinal occlusion rarely requires emergency surgery. In 2000, Miller et al. [27] reported that Crohn's disease was the third most common cause of small intestinal occlusion in western countries (4-7 % of all cases). In 2008 Cosnes [28] estimated that patients with Crohn's disease have a 40 % probability of developing intestinal stenosis during the first 400 months after the diagnosis. As for abscess formation (which is not always Fig. 1 Resected segment of the ileum displaying fibrotic stricturing and inflammatory involvement with frank ulceration of the proximal resection margin associated with acute presentation and does not always require urgent surgical intervention), its prevalence in carious case series ranges from approximately 10 to 28 %, with a cumulative incidence of 9 % 10 years after diagnosis and 25 % after 25 years [29] [30] [31] . (The figures from many of these studies also include postoperative abscesses). Free perforation into the peritoneal cavity is much rarer, with a prevalence of 1.5 %: it frequently represents the first manifestation of the disease (30-60 %). In any case, it tends to occur early. Eighty percent of all cases occur during the first 4 years after diagnosis, and the event is not necessarily correlated with the aggressiveness of the disease [32] [33] [34] [35] . Other less common acute complications of Crohn's disease (especially that involving the colon) include toxic megacolon, which is present in 4.4-6.4 % of patients with colon involvement and is also an early event [36] [37] [38] , and massive hemorrhage, with an incidence of around 1 %. In 15-20 % of patients with large intestinal
Crohn's disease, hemorrhage is the presenting symptom, and in 20-40 % of all cases it requires surgery [39, 40] . In many cases, an acute event leads to the diagnosis, but it is difficult to determine the true incidence because most of the published studies are retrospective analyses of cases managed in tertiary referral centers. Intraoperative diagnosis of Crohn's disease during a scheduled appendectomy continues to be the most common scenario [41] .
In the presence of complications requiring emergency or urgent treatment, the clinical presentation guides the diagnostic work-up, as it does in other conditions: endoscopy for hemorrhagic forms and ultrasound/computed tomography for occlusions, free perforations, and abscesses. Ultrasound displays high sensitivity (81 %) and specificity (93 %) in the identification of intra-abdominal abscesses [42] . Because of the risk of sepsis, immunosuppressive therapy is contraindicated in patients with abscesses. Their detection is thus an early, unequivocal indication for urgent surgery, which is often performed in two stages with the construction of a diverting stoma. In stable patients, however, ultrasound-or CT-guided percutaneous drainage of the abscess, accompanied by antibiotic therapy, can sometimes be a valid alternative to surgery. If necessary, drainage can be followed by one-stage surgery (resection and anastomosis performed in the same procedure). This approach is especially useful when the abscess develops against a background of active disease [26, 43] .
Elective surgery is generally performed when the patient's gastroenterologist sees a progressive decline in the response to medical therapy (manifested by worsening of symptoms, obstructive in most cases, although frank occlusion rarely occurs) or when the patient becomes steroid-dependent. It may also be requested when the disease produces a state of malnutrition, which is particularly important in pediatric patients because it can cause delays in growth and development [44] .
Imaging
Endoscopy is the gold standard method for diagnosing and monitoring the evolution of upper GI involvement (proximal to the ligament of Treitz) and disease of the colon. However, since a single stricture of the large intestine is an indication for surgery, complementary radiological studies of the colon (barium enema, virtual colonoscopy, sonographic studies of the intestinal loops) are useful in these cases to characterize the stricture and the segments proximal to it.
Most surgically relevant lesions are found in the small intestine, which is beyond the reach of traditional endoscopy. New techniques, such as capsule endoscopy, push enteroscopy, and double-balloon endoscopy, can be useful in the diagnostic phase, although they also have limitations (low specificity in the case of capsule endoscopy, difficulties in incomplete evaluation of the small intestine in the case of push enteroscopy). These techniques are not generally used for follow-up, which relies mainly on radiological examinations.
For many years, the technique most widely used was the small-bowel enema (enteroclysis). It provided sufficiently precise information on the number and length of ileal strictures and above all their location within the gut. It has several serious drawbacks, however: it is difficult to perform and the results are not easy to interpret; it is poorly tolerated by patients; it involves considerable radiation exposure (an important consideration since patients with Crohn's disease are often young), and it is of limited value in defining the inflammatory component of the strictures. (Inflammatory involvement of the mesentery/mesocolon will be reflected by areas in the abdominal cavity that appear ''empty'' but actually contain markedly thickened mesenteric tissue that has displaced the contrast mediumfilled intestinal loops). For these reasons, the small-bowel enema has been widely abandoned in favor of other techniques [ultrasound, computed tomographic (CT) enterography, magnetic resonance (MR) tomography]. They can often provide a more precise picture of the inflammatory component, based on the degree of vascularization observed with the aid of intravenous contrast media. All of these methods are associated with moderately high rates of false-negative findings in the presence of short-segment jejunal involvement. In addition, although they provide more accurate information on the location of the lesions within the abdomen, they are less useful for localizing lesions along the course of the small intestine (aside from those involving the most proximal and distal segments). This importance of this information is often under-rated by radiologists and gastroenterologists, but it is of enormous importance to the surgeon.
Ultrasound
A meta-analysis published by Italian researchers in 2005 looked at the role of ultrasound in the diagnosis of Crohn's disease. The accuracy of the examination was characterized by variability between facilities and between operators, with sensitivity values ranging from 75 to 94 % and specificities of 67-100 % [45] . Similar sensitivity (85 %) emerged from a more recent systematic review by Panes et al. [46] .
An interesting study by Gasche et al. [47] evaluated the ability of ultrasound to identify intra-abdominal strictures in Crohn's disease patients scheduled for surgery. Using intra-operative findings as the reference standard, the authors found that ultrasound correctly identified all 22 of the patients with strictures and correctly excluded the presence of these lesions in 10 of 11 cases (sensitivity 100 %, specificity 91 %). The high diagnostic accuracy of ultrasound in this setting has been confirmed by Maconi et al. [48] , who reported a sensitivity of 74 % and specificity of 93 % for ultrasound detection of strictures, although, as they pointed out, the accuracy varied depending on the lesion's location (ileum vs. colon).
The same studies also evaluated ultrasound's role in the detection of intra-abdominal fistulas and abscesses. Gasche et al. [47] found that the examination correctly identified the presence of fistulas in 20/23 patients and correctly excluded such lesions in 9/10 (sensitivity 87 %, specificity 90 %). Similar performance was observed in the identification of intra-abdominal abscesses, which were correctly detected in 9/9 patients and correctly excluded in 22/24 (sensitivity 100 %, specificity 92 %).
These data show that, despite certain limitations related mainly to its operator-dependence and to the location of the lesions themselves (particularly those of the rectum, segments of the intestine other than the ileum, and the stomach), ultrasound is an indispensable tool for the diagnosis and characterization of Crohn's disease and its complications.
Computed tomography
In the diagnosis and assessment of Crohn's disease, equally important roles are played by abdominal CT and the more focused examination known as CT enterography. The latter differs from normal abdominal CT in that it allows multiplanar imaging and involves the administration of oral as well as intravenous contrast media.
An important meta-analysis by Horsthuis et al. [49] found that CT has a sensitivity of 84 % and specificity of 95 % in diagnosing Crohn's disease and identifying the segments of the intestine affected by the disease. The systematic review conducted by Panes et al. [46] looked at the performance of CT enterography in identifying areas of stenosis in five studies [50] [51] [52] [53] [54] and found an overall sensitivity and specificity of 89 and 99 %, respectively. This method was also assessed in an interesting study by Chiorean et al. [55] : compared with intraoperative findings, CT enterography exhibited 92 % sensitivity with a specificity of only 39 %. The relative nonspecificity of the examination was probably related to the fact that data in this retrospective nature were collected from surgeons' reports. Moreover, in all probability, the fact that the operative specimens were ''opened'' for pathologic assessment erroneously reduced the number of reference diagnoses of stricture. In the same study [55] , CT enterography displayed 77 % sensitivity and 86 % specificity in the detection of fistulas and somewhat greater accuracy in the identification of intra-abdominal abscesses (sensitivity 86 %, specificity 87 %). The recent systematic review by Panes et al. [46] looked at the results of several studies and found that CT enterography had an overall sensitivity of 70 % and specificity of 97 % in the detection of fistulas. The sensitivity for abscess detection (based on review of five studies) was 84-100 % and the specificity was 95-100 %.
Computed tomographic enterography is thus a good technique for identifying intra-abdominal complications, also when surgery is being planned. Indeed, the ECCO [23] recommends it for assessing the disease and diagnosing complications of this type. It has its drawbacks, however: it requires patient preparation, it is not available in all areas, and it exposes the patient to a considerable dose of radiation. The latter feature renders CT enterography unsuitable for repeated use and limits is role in monitoring the disease.
Magnetic resonance
Magnetic resonance enterography (MRE), a more recently developed technique, is an excellent tool for evaluating abdominal complications. Like CT enterography, MRE involves the use of an oral contrast medium to distend the intestinal loops. Unlike CTE, it also requires the administration of drugs like butylbromide that reduce intestinal peristalsis, a source of motion artifacts that can diminish image quality [56] .
The sensitivity and specificity of MRE in the diagnosis of Crohn's disease and its main intra-abdominal complications have also been analyzed in systematic reviews and meta-analyses. Panes et al. [46] reviewed data from four studies (including the meta-analysis by Horstius et al. [49] , which compared MRE with endoscopy for the diagnosis of Crohn's disease. They found an overall sensitivity of 78 % and an overall specificity of 85 %. As in ultrasonography, one of the main parameters considered diagnostic in MRE was gut wall thickness (with a normal cut-off of 4 mm). In addition, however, increased gut wall enhancement and the presence of edema also displayed diagnostic value in MRE.
Several studies also assessed the accuracy of MRE in identifying intra-abdominal complications, such as strictures. Pariente et al. [57] reviewed data from several studies that assessed the performance of MRE against ileoscopy or capsule endoscopy findings [58] [59] [60] and reported an overall sensitivity and specificity of 88 and 95 %, respectively. Similar figures emerged regarding the ability of MRE to identify fistulas (sensitivity 88 %, specificity 93 %) [57] . Somewhat different results were reported by Panes et al. [46] , who reviewed data from five different studies and found overall sensitivity and specificity figures of 76 and 96 % for fistula detection. Because of its sensitivity and specificity and the fact that it does not involve exposure to radiation, the Second European Evidence-based Consensus statement lists MRE as the method of choice for identifying the transmural complications of Crohn's disease [23] . The value of magnetic resonance in the detection of intra-abdominal abscesses has been confirmed by both of the systematic reviews published on this issue: that conducted by Panes et al., which reported sensitivity of 86 % and specificity of 93 % [46] , and that of Pariente et al., who found sensitivities ranging ranged from 86 to 100 % and specificities of 93-100 % [57] .
These studies highlight certain advantages that MRE offers for the identification of intra-abdominal complications, such as the absence of radiation exposure and a more limited operator-dependency as compared with ultrasound. Nonetheless, MRE also has its limitations, which are mainly related to the high cost of the examination and the limited availability of the equipment needed to perform it.
All three of the imaging techniques considered above are fundamental tools for identifying indications for surgery in patients with Crohn's disease, and they can also provide useful information for planning the intervention (approach to be used, techniques and strategies that can reduce the risk of complications). For example, when retroperitoneal inflammation is present (or simply suspected), preoperative or intraoperative ureteral stenting is usually advisable [61] . Each of these techniques has obvious limitations and advantages, and none displays any obvious superiority over the others (except possibly CT, whose use of ionizing radiation is a major drawback). All three techniques can thus be of value in the workup of complicated Crohn's disease that may require surgery.
Surgical techniques
The location, number, and type of lesions have important implications in terms of the surgical approach and strategies to be used. Although considerable progress has been made in the accuracy of preoperative imaging studies, the actual clinical and anatomic features of the case may necessitate an unexpected change of plans (e.g., use of open surgery instead of laparoscopy, resection instead of strictureplasty) [61] .
Gastroduodenal Crohn's disease
Crohn's disease rarely produces lesions proximal to the ligament of Treitz (2-4 %) [62] , and when it does, they rarely require surgical treatment. In the presence of strictures (generally duodenal) that are refractory to therapy, including endoscopic dilatation, there are several surgical solutions. The one associated with the lowest risk (and therefore the most widely used) involves the creation of a by-pass (usually with a gastroenteric anastomosis although gastroduodenal and duodenojejunal anastomoses are also possible), with or without vagotomy [63] .
For short-segment strictures involving the first, second, and third segments of the duodenum, the Heineke-Mikulicz strictureplasty is also used. Finney strictureplasty can be used for strictures involving the fourth portion. In these cases (as when atypical strictureplasties involving anastomosis between duodenum and isolated jejunal loops are performed), the loop of Treitz may have to be completely freed so that it can be fully rotated (Fig. 4) . Solutions of this type cannot be used in the presence of abscesses or fistulas, and they are more technically complex than bypasses, but they offer a major advantage in that they allow subsequent endoscopic and histological assessment. Elimination of strictures is also believed to allow mucosal healing, which can have positive effects on lesions involving the sphincter of Oddi (when present) [61, [64] [65] [66] [67] .
Jejunoileal and ileocolic Crohn's disease
Interventions involving the small intestine account for most of the surgery performed for abdominal Crohn's disease: up to 10 % are for disease that is exclusively jejunoileal and 40-50 % are performed for disease of the terminal ileum (often with colon involvement as well) [62, 68, 69] . The situations in which surgery is indicated vary widely from short-segment primary lesions requiring relatively simple operations to recurrent abscesses and/or fistulas with severe mesenteric inflammation and disease patterns that vary (B1, B2, or B3) from one segment to another, major surgical challenges in which the normally simple process of debridement of the intestinal loops of the intestine can take hours. In complex cases like these, resolving the various problems often requires an eclectic approach and the use of diverse surgical techniques in a single operation.
Surgical treatment of ileal or ileocecal Crohn's disease, which is, as we have seen, the most common form of the disease, has evolved over the years: from the concept of ''curative'' resection with margins that were free of macroscopic disease, the trend has been towards increasingly more limited resections. Given the unavoidable risk of postoperative recurrence, the aim has been to reduce the chances of short bowel syndrome caused by repeated interventions (a complication seen in up to 13.6 % of the cases reported in the 1980s) [70, 71] . This trend has been supported by the fundamental research conducted by Fazio et al. [72] in 1996, which demonstrated that the incidence of recurrence is not related to the amount of tissue resected or to the presence/absence of inflammatory disease at one or both of the resection margins. This finding has since been confirmed in a number of other studies, and it is now widely agreed that the resection should be as conservative as possible [73] .
The techniques known as strictureplasties are based on the idea that in patients with stricturing disease (even if it includes an inflammatory component), elimination of the stricture without removing the inflamed tissue leads to resolution of the symptoms. Originally described by Indian authors as means for treating tubercular strictures of the gastrointestinal tract [74] , strictureplasty was introduced as a means for treating ileal Crohn's disease in the early 1980s. It was first used by Lee and Papaioannu [75] and later by Alexander-Williams and Haynes [76] as a conservative approach for the management of those relatively common cases in which a long segment of the small intestine presents by multiple short-segment strictures separated zones with no macroscopic disease. Strictureplasties are now considered a valid solution for the intestinal strictures caused by Crohn's disease, with results that are quite similar to those offered by resection, as demonstrated by the results of a meta-analysis reported by Tichansky et al. [77] .
The most widely used strictureplasty techniques are the ones described by Heinecke-Mikulicz for treatment of strictures less than 10 cm in length (although this cut-off may be overestimated) and the Finney technique, which is used for strictures up to 20 cm long. In both cases, the procedure involves a linear antimesenteric incision, which, in the Mickulicz procedure, is closed transversely. In the Finney, the intestine is first folded into a U and then closed with a side-to-side anastomosis. Another technique, the Michelassi strictureplasty, is indicated for long strictures (more than 30 cm). It is used mainly for recurrent stenosis and cases characterized by alternating long and short strictures. In these cases, the diseased segment is attached to an unaffected segment (in the colon, if necessary) with a long side-to-side anastomosis [78] .
More recently, atypical strictureplasty techniques have been introduced (long anastomosis, iso-or antiperistaltic, between affected segments) (Fig. 4) . The trend toward conservative management has led some surgeons, in Italy and elsewhere, to extend the indications for these atypical techniques to all forms of involvement without abscesses or fistulas (including ileocecal lesions), since strictureplasty tends to be followed by regression of active disease, even at the site of intervention [79] [80] [81] (Fig. 5) . In adopting this approach, it is important to recall that patients with Crohn's disease are up to 60 times more likely than members of the general population to develop adenocarcinoma of the small intestine [82] .
In a meta-analysis published by Canavan [83] Crohn's disease was associated with a relative risk of small intestinal cancer of 33.2 (15, 9, 60, 9) , and this risk has not decreased over the past 30 years. Similar results emerged from a meta-analysis conducted by other English investigators and published in 2007, where the relative risk was 28.4 (95 % CI 14.46-55.66) compared with the normal population [84] . It is currently impossible to identify subjects who are at risk for neoplastic transformation (which can also be associated with other malignancies, such as lymphomas). For one thing, in patients with exclusively ileal disease, the true onset of disease may be much earlier than the diagnosis. Initial-stage Crohn's disease cannot be diagnosed with the imaging modalities currently being used for this purpose (i.e., ultrasound, CT, CT enterography, MR enterography), and in many cases the diagnosis is made unexpectedly on the basis of histological examination of resected tissue. Double-balloon enteroscopic biopsy of suspicious lesions could increase preoperative diagnosis of early-stage disease, but as noted above, routine use this approach is simply not possible right now. In light of these considerations, along with sporadic reports of adenocarcinoma arising at the site of strictureplasties [85, 86] , the trend toward wider use of strictureplasty should be regarded with caution, especially in elderly patients or those with long-standing disease. In addition, as suggested by Michelassi himself, any lesion at the site of a strictureplasty that is even vaguely suspicious should be biopsied, and given the non-negligible frequency of carcinoids involving the appendix, appendectomies should always be performed with ileocecal strictureplasties (Fig. 6 ).
In the rare cases in which small intestinal malignancies are diagnosed preoperatively (usually tumors located in areas of the gut that can be reached with traditional endoscopy), oncologically radical segmental resections should be performed whenever possible. Nonetheless, the prognosis in these cases is still worse than it is in colorectal forms of the disease, and it is even worse when cancers develop in segments of the intestine where fecal transit has been eliminated by surgical by-pass. The latter technique has in fact been abandoned (at least as a permanent solution) because it is associated with a high incidence of cancers that are already in the advanced stages when symptoms develop [87] [88] [89] .
Resection is still the technique of choice for ileocecal lesions, and it is the only solution for patients with penetrating-abscess forming disease and active fistulas. As noted above, preoperative ultrasound-or CT-guided abscess drainage can sometimes eliminate the need for surgery or at least render it less urgent. The objective of the preoperative workup should be to provide the most precise information possible on the number, extension, and characteristics of the lesions, including the presence and predominant nature (fibrotic or inflammatory) of strictures as well as the extramural extension of the inflammatory changes. Ultrasound is limited by its operator-dependency, but it is also widely available, and in addition to characterizing strictures (with or without the aid of acoustic contrast media proposed by some), it can also reveal extramural complications of Crohn's disease, although its accuracy in this setting is inferior to that of CT [42, 45, 90, 91] .
In all probability, ultrasound will be used more and more frequently (within the limits of its operator-dependency), but for the moment, CT and MRI remain the goldstandard methods for assessment of the small intestine. With these imaging modalities, disease extension and activity status can be reliably defined on the basis of wall thickening, increases in wall density after the administration of contrast media, and increased visibility of the vasa recta adjacent to the involved loop (''comb sign''). The severity and activity status of the disease can be defined on the basis of the degree of wall thickening and the presence of submucosal edema and gut wall ulceration, while the characteristics of the wall thickening (homogenous or stratified) on MRI can be used to differentiate active disease from fibrosclerotic forms. CT and MRI display similarly high accuracy in identifying extramural complications [26, [92] [93] [94] [95] .
Currently, CT is more widely used, in part because it is more widely available and in part because it is probably preferable for use in urgent situations. However, MRI is superior for distinguishing between inflammatory and sclerosing disease (which, as we have seen, is an important factor when early surgery is being considered), and the fact that it entails no radiation exposure is also an advantage. For these reasons, MRI is likely to play an increasing role in the future [96] .
Ileal and ileocolic resections are potentially simple procedures that can sometimes be performed with minimally invasive techniques, but in patients with recurrent penetrating, fistulizing disease, these operations can be highly complex. Fistulas can involve other segments of the GI tract or other organs/systems. The most common forms are enterovesical, enterovaginal, and enterocutaneous. Fistulectomy and closure of the orifice is sufficient on the nondigestive side of the fistula. When the fistula involves different segments of the gastrointestinal tract, the presence of disease in the segment with secondary involvement (in many cases the sigmoid colon or duodenum). This is fundamental for deciding whether the orifice can be closed with sutures or whether minimal resection is required [26] .
The type of anastomosis that should be used to restore continuity after an ileal or ileocolic resection has been widely debated. A meta-analysis published in 2007 showed the stapled side-to-side closures offer greater anastomotic safety [97] , but they can also cause blind pouches that may be more susceptible to early recurrence of inflammatory disease. To eliminate this risk, the side-to-side technique known as the functional end-to-end (FEEA) anastomosis was developed. It can be sutured manually or mechanically and is currently regarded as the method of choice in the ECCO and ACOI Guidelines [23, 26] . A recent review of 44 RCTs by Van Loo et al. [98] found no differences between hand-sewn and stapled anastomoses in terms of short-term results or the incidence of recurrence. The fundamental requisites for a successful anastomosis are the absence of traction and good vascularization of the stumps, and the T-T (manual) anastomosis offers excellent results. It is easy to construct, especially when the stumps are of similar caliber, and it probably holds up better than a FEEA if endoscopic dilatation has to be performed for recurrent short-segment strictures. Colorectal Crohn's disease
Crohn's disease is frequently confined exclusively to the colon (20-30 % of cases) [62] . The diagnosis is usually made endoscopically, and the presence of stenosis that prevents passage of the scope may be an indication for surgery. In these cases, radiological studies (barium enema, CT colonography) can be used to assess the condition of the gut upstream from the obstruction, but this type of disease is rarely associated with penetrating lesions like those seen in the ileum. The most widely accepted approach for isolated colon lesions involves limited resection of the involved segment, but treatment becomes more complex when there are multiple areas of involvement in the colon (with or without ileal disease). In these cases, many authors advise subtotal colectomy with an ileorectal anastomosis, although the presence of multiple, widely separated areas of involvement might also justify the use of double resection [26] . However, Crohn's disease of the colon is known to be associated with an increased risk of post-resectional recurrence: the percentage of patients who will require additional colon surgery within 5.5 years may be as high as 62 % [99] [100] [101] . For this reason, in the absence of jejunoileal disease, multiple sites of involvement in the colon may be an indication for total colectomy (or proctocolectomy when there is rectal involvement) with construction of a permanent ileostomy [99] .
Rectal involvement is often associated with strictures or fibrosis, which requires proctectomy and permanent ostomy construction. If the patient also has active, untreatable, perianal disease, surgery is associated with a high risk of septic complications, and many surgeons, therefore, advise a two-stage approach involving colostomy or ileostomy followed by proctectomy several months later, when the exclusion of fecal transit has resolved the perianal sepsis [61] .
In addition to providing updated imaging data, one of the aims of the preoperative workup should be the identification of a suitable site for ostomy, even when there is only a limited possibility that one will be needed. When possible, this should be done with the aid of an experienced stoma therapist and the site should always be marked. During resective surgery (ileal, ileocolic, colic), protective colostomies and especially protective ileostomies often have to be constructed to reduce the risk anastomotic failure related to the presence of abscesses, current therapy with steroids (and in some authors' opinions also with more recently developed agents like the anti-TNF alpha antibodies), multiple resections, and malnutritional states [102] .
Although the risk of colon cancer is increased in patients with Crohn's disease, the increase is less marked than it is in ulcerative colitis [103] . Major advances are being made in the field of diagnostic endoscopy, including the development of image-magnification and high-definition imaging technologies, so if the patient has been followed regularly and appropriately, unexpected postoperative diagnoses of cancers are rare. Resections of the colon (where the imperative regarding minimal resection is less absolute) must be performed in accordance with the criteria of oncologic radicality, even in cases in which the malignancy of the lesion is uncertain (presence of high-grade dysplasia on biopsy of a lesion that could not be removed endoscopically) [26] .
However, colon involvement in Crohn's disease can also take the form of pancolitis. The clinical picture in these cases is characterized by inflammatory disease that is poorly controlled with medication, similar to that of ulcerative colitis. In fact, the differential diagnosis may be difficult based on endoscopic findings alone, unless there are also extracolic lesions that point to Crohn's disease [104, 105] . The clinical course of this type of disease also resembles that of ulcerative colitis: surgery may be required for an acute evolution that results in toxic megacolon [106] , but in most cases surgery is performed because the disease cannot be managed medically. Because of the high rate of recurrence, a preoperative diagnosis of Crohn's disease was for many years considered a contraindication to proctocolectomy with construction of an ileoanal pouch, which is used in patients with ulcerative colitis. In case series in which Crohn's disease was diagnosed after single-stage surgery for a preoperative diagnosis of ulcerative colitis, 10-year pouch failure rates were as high as 45 % [107 -109] .
As early as 1991, Hyman et al. [110] reported good pouch function in a moderately high percentage of cases, and this outcome was associated (albeit nonsignificantly) with the absence before surgery of clinical signs suggestive of Crohn's disease. These findings, which were confirmed in a recent review [111] , suggest that single-stage pouch procedures in un tempo may not always be unsuccessful [110, 111] and that ileal pouch-anal anastomosis might be attempted in certain patients with preoperative diagnoses of Crohn's disease of the colon, provided, of course, that they have no perianal or small intestinal involvement and that they are willing and prepared to undergo complex surgery with a moderate-to-high risk of failure [112] . Several fairly complex salvage procedures have been described to treat disease recurrence or complications at the site of the ileoanal pouch, and anti-TNF-alphas antibody therapy can also produce appreciable results in these cases [113] [114] [115] .
Laparoscopy and Crohn's disease
Like all abdominal surgery, laparoscopic procedures are being used more and more frequently to manage Crohn's disease. A review published by Lesperance in 2009 found that minimally invasive techniques were used in only 6 % of the 50,000 interventions performed in the United States in 2000-2004 for Crohn's disease, and this figure showed little or no change over the 5-year period examined by the authors. However, these data were extracted from hospital discharge forms examined at the national level, and they contrast with those from surgical referral centers, where the rate of laparoscopic procedures is much higher [116] .
Laparoscopic intervention can be difficult, not only in cases that are obviously complex (extensive, recurrent B3 disease). Problems may also arise in situations that seem relatively simple. Use of laparoscopy allows (and sometimes facilitates) full-length visualization of the small intestine and the identification of disease involvement at this level, including lesions that were missed on preoperative imaging studies. (The latter studies are associated with non-negligible rates of false-negative findings, especially in the presence of short-segment jejunal involvement.). However, laparotomy is often required for reliable identification of strictures and above all for the conservative treatment (strictureplasty). In addition, if the ileal mesentery is inflamed (and this can be easily documented with various preoperative imaging modalities), it will be especially thick and fragile. Under these circumstances, the instruments normally used to obtain hemostasis during laparoscopic procedures (ultrasound and/or radiofrequency scalpels) may be hard to use, and proper extracorporeal resection and anastomosis will have to be performed through a short laparotomy (Fig. 7) .
A review of the various case series indicates that ''pure laparoscopy'' is rarely used in real-life clinical practice: in all cases, a mini-laparotomy has to be performed to remove the resected segment, and the incision has to be fairly long since the disease tends to produce inflammatory masses of considerable size. Laparotomy-assisted techniques are much more widely used, i.e., those in which the lesion is isolated laparoscopically and the resection and anastomosis (or strictureplasty) are done extracorporeally (at least in part) via appropriately placed incisions that are much smaller than those required for open surgery. In handassisted laparoscopic surgery (HALS), the surgeon can actually insert his/her hand into the abdominal cavity without loss of the pneumoperitoneum. Its advantages include a more rapid learning curve and the possibility to tactilely explore the entire small intestine during the laparoscopic procedure (Figs. 3, 8 ) [117, 118] .
In all of the case series analyzed thus far (most of which come from surgical referral centers for chronic IBD), the results obtained with laparoscopy are reportedly better. It is important to recall, however, that the meta-analysis conducted by Van Loo found that use of laparoscopy had no impact on the incidence of recurrence. On the other hand, laparo-assisted approaches may reduce the risk of postoperative adhesions, thereby simplifying any subsequent surgical procedures, and importance of this advantage should not be underrated [98, 119] . Moreover, there do not appear to be any contraindications to an early discharge for patients who undergo minimally invasive (even laparo-assisted) procedures for shortsegment involvement, but this does not apply to singleincision laparoscopic surgery (SILS), given the relatively low number of cases that have been analyzed thus far.
Conclusions
Surgery continues to play fundamental roles in the treatment of Crohn's disease, considering the high percentage of patients who undergo surgery. Surgical interventions should be regarded not as adverse events caused by unsuccessful medical therapy, but as therapeutic tools whose use should be timed to ensure the lowest risk possible to the patient, as one of the many weapons available to the multidisciplinary team whose treatment strategies are based on an integrated assessment of the patient. Experiences with the management of perianal Crohn's disease have shown that that medical therapy often produces the best results after surgical intervention, and the same might ultimately prove to be true for other areas of involvement. Prompt surgical intervention for fibrotic stricturing disease, as soon as it becomes clear that it is not responding to medical therapy, means that medical therapies can still be used for earlystage treatment or even prevention of recurrences.
Accurate imaging (endoscopic and above all radiological) is an essential component of multidiscliplinary management of Crohn's disease. Today's radiologists are accustomed to working with gastroenterologists in the diagnosis and follow-up phases and with surgeons in the preoperative evaluation (for urgent and elective surgery), but as the ability of diagnostic imaging modalities to characterize Crohn's disease continues to improve, radiologists' collaboration with gastroenterologists and surgeons will be a fundamental part of decisions regarding the timing of surgical intervention.
